ABSTRACT: Two studies evaluated sorting and feeding zilpaterol hydrochloride (ZH) on feedlot performance and carcass characteristics in randomized block-designed finishing trials. In Exp. 1 (initial BW 342 ± 10 kg, n = 1,000), 5 treatments included an unsorted non-ZH fed negative control (−CON), an unsorted ZH fed positive control (+CON), and 3 treatments in which the heaviest 20% within the pen were sorted and marketed 28 d early and the remaining 80% were fed ZH. The 20% were identified at the beginning (EARLY), 100 d from slaughter (MIDDLE), or 50 d from slaughter (LATE). Because of sorting, the remaining steers in sorted treatments were fed 14 d longer than −CON and +CON. Average days on feed for control treatments were 165 and 173 d for the EARLY, MIDDLE, and LATE treatments. In Exp. 2 (initial BW 376 ± 29 kg, n = 1,400), 4 treatments included −CON; +CON; an early weight sort fed ZH (1-SORT) with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d before −CON and +CON, with the remaining 80% of the pen fed 7 d longer than −CON and +CON; and a 4-way sort 50 d from harvest fed ZH (4-SORT) with steers sorted into HEAVY, MID-HEAVY, MID-LIGHT, and LIGHT groups marketed −14, 0, +7, and +28 d from −CON and +CON, respectively. Average days on feed for control treatments were 154 and 157 d for the 1-SORT and 159 d for 4-SORT. Steers were fed Zilmax at 8.3 mg/kg DM for 20 d followed by a 3 d withdrawal. In Exp. 1, steers fed +CON had 13 kg greater (P < 0.01) HCW than steers fed −CON. Steers sorted EARLY, MIDDLE, and LATE had 28, 25, and 24 kg heavier (P < 0.01) HCW than −CON steers, respectively. Carcass weight SD was greater (P = 0.01) for +CON than −CON but was not different (P = 0.17) between −CON and ZH sorted treatments. Percentage of overweight carcasses (454 kg) was greater (P ≤ 0.05) in sorted treatments than in −CON. In Exp. 2, HCW for +CON was 15 kg heavier (P < 0.01) than that for −CON, and HCW for 4-SORT was greater (P < 0.02) than that for +CON. Carcass weight SD was not different (P > 0.10) between +CON and −CON, whereas carcass weight SD of 4-SORT was reduced (P < 0.01) compared with that of -CON and +CON. Steers fed ZH had a greater percentage of carcasses over 454 kg than steers fed -CON (P < 0.01). Although not statistically different (P = 0.27), the percentage of carcasses over 454 kg was reduced by 28% for 4-SORT compared with +CON. Feeding ZH increases carcass weight, but sorting reduces variation, allowing further increases in carcass weight while minimizing overweight carcasses.
INTRODUCTION
Zilpaterol hydrochloride is an approved orally active β-adrenergic agonist (Zilmax, Merck Animal Health, De Soto, KS). Beta-agonists are growth promoters that increase skeletal muscle mass and reduce body fat content (Delmore et al., 2010) . Feeding Zilmax for the last 20 d before slaughter increased ADG, improved G:F, increased carcass weight by 15 kg, and increased carcass leanness compared with not feeding Zilmax (Vasconcelos et al., 2008; Elam et al., 2009; Montgomery et al., 2009a,b) . Moore et al. (2012) indicated that 33% of audited cattle were fed too long (>1.5 cm of 12th rib fat thickness) and that 25% of the cattle were not fed long enough, resulting in lighter carcasses and reduced quality grades. Previous research indicates that sorting cattle allows pens of cattle to be fed longer, and these additional days allow for increased HCW, an increase in the percentage of carcasses that graded USDA Choice, and fewer overweight carcasses (Cooper et al., 1999 (Cooper et al., , 2000 Pyatt et al., 2005) . Sorting is used to decrease the SD of BW in a group of cattle, dependent on marketing objective, and can be done at any point in the finishing period from entry into the feedlot up to just before shipment for harvest (MacDonald et al., 2006; Rolfe, 2011) . Sorting on entry into the feedlot has been a common practice; however, little research has been done on the use of a weight sort in combination with feeding Zilmax for the last 20 d before slaughter.
Therefore, the objectives of these studies were to evaluate the effects on feedlot performance and carcass characteristics of sorting at different times in the feeding period and feeding Zilmax to the remaining steers after the heaviest steers were removed (Exp. 1) or sorting into multiple groups and feeding Zilmax to all steers (Exp. 2).
MATERIALS AND METHODS
All procedures used in these experiments were reviewed and approved by the University of NebraskaLincoln Institutional Animal Care and Use Committee.
Experimental Design and Procedures: Exp. 1
British and British × Continental yearling steers (n = 1,000; 343 ± 10 kg initial BW) were assigned randomly to 1 of 40 pens within 3 arrival blocks (25 steers/pen). Steers in block 1 were sourced from the ranch or auction market and were transported to the University of Nebraska-Lincoln Agricultural Research and Development Center (ARDC) research site located near Mead, NE. Steers arrived from October 16, 2009 , to November 19, 2009 , and were backgrounded by grazing cornstalk residue and supplemented with wet corn gluten feed (SweetBran; Cargill Inc., Blair, NE), followed by grazing smooth brome (Bromus inermis) pastures until initiation of the trial in May of 2010. Steers in block 2 were sourced from an auction market in Nebraska on June 4, 2010, and steers in block 3 were sourced from an auction market in Oklahoma on June 21, 2010, before allocation to the study. At the time of feedlot arrival, all steers were individually identified (panel tag, ear electronic button, and metal tag), steers in blocks 1 and 2 received an infectious bovine rhinotracheitis (IBR) virus, parainfluenza-3 (PI 3 ) virus, bovine viral diarrhea (BVD) virus (types I and II), and bovine respiratory syncytial (BRS) virus combination vaccine (Bovi-Shield Gold 5; Zoetis Inc., Florham Park, NJ), a Clostridium chauvoei, septicum, novyi, sordellii, perfringens Types B, C and D bacterin-toxoid (Vision 7; Merck Animal Health), a 10% fenbendazole oral suspension for the control of lung worms, stomach worms, and intestinal worms (Safe-Guard Dewormer; Merck Animal Health), and topical ivermectin for gastrointestinal and external parasite control (IVOMEC Pour-On; Merial Ltd., Duluth, GA). On d 0 of trial (June 10, 2010, for block 1 and June 16, 2010, for block 2) steers were implanted with 40 mg estradiol benzoate/200 mg trenbolone acetate growth implant (Revalor-XS; Merck Animal Health). Steers in block 3 had been vaccinated previously and therefore received only topical ivermectin for gastrointestinal and external parasite control (IVOMEC Pour-On; Merial Ltd.) and an estradiol benzoate/trenbolone acetate growth implant (Revalor-XS; Merck Animal Health) on d 0 of the trial (June 29, 2010) . Cattle were housed in open lots with 26 to 30 m 2 of pen space per animal, and 30 to 39 cm of linear bunk space per steer. Steers had ad libitum access to fresh clean water and their respective diets. Steers were fed twice daily at approximately 0700 and 1100 h in concrete fence-line bunks with the same Roto-Mix model 420 (Roto-Mix, Dodge City, KS) mixer/delivery box mounted on a single-axle feed truck for the duration of the study.
Before the start of the experiment, steers were limit fed 10% corn silage, 5% wheat straw, 41.6% Sweet Bran (Cargill Inc.), 41.6% alfalfa hay, and 1.8% supplement (DM basis) at 2% of BW for 5 consecutive d to reduce variation in BW due to gut fill as described by Watson et al. (2013) . After the limit-feeding period, steers were individually weighed on d 0 and pen weighed on d 1, and the average of 2 d weights were used to determine initial BW. Steers were assigned randomly to pens on the basis of d 0 BW, and steers were subsequently sorted into treatment pens on d 1. The 5 treatments included an unsorted non-zilpaterol hydrochloride (Zilmax; Merck Animal Health) fed negative control (−CON), an unsorted Zilmax-fed positive control (+CON), and 3 treatments in which the heaviest 20% within the pen were sorted and marketed 28 d early and the remaining 80% were fed Zilmax. The 20% were identified at the beginning (EARLY), 100 d from slaughter (MIDDLE), or 50 d from slaughter (LATE) by weighing steers individually. The heaviest 20% of steers in each pen in the EARLY treatment were identified during weighing and processing on d 0. One hundred days before the target marketing date, steers from pens on the MIDDLE treatment within a block were individually weighed to identify the heaviest 20% of steers. Fifty days before the target marketing date steers from pens in the LATE treatment within a block were individually weighed to identify the heaviest 20% of steers. Within a block, the heaviest 20% of steers in the sorted treatments were sorted from their pen mates, weighed as a group by pen, and shipped for slaughter 28 d before the remainder of the pen was scheduled for shipment and were not fed Zilmax.
Steers that received Zilmax were fed Zilmax at 8.33 mg/kg DM for 20 d followed by a 3-d withdrawal.
Supplement was manufactured at the university feed mill on site and was submitted for Zilmax assay (Merck Analytical Laboratory, Lawrence, KS) 1 wk before use in Exp. 1 and 2. Two different supplements were used for this experiment, 1 that contained Zilmax and 1 that did not contain Zilmax. A USDA-approved food grade blue dye (Sensient, St. Louis, MO) was added to the supplement containing Zilmax during the manufacturing process as an aid to ensure that the correct pens were fed and the mandatory 3-d withdrawal was fulfilled. Diet samples were collected from feed bunks weekly during the trial and were analyzed for nutrient composition (Ward Labs, Kearney, NE). Diet formulations and nutrient compositions of the basal diet are outlined in Table 1 . Before feeding Zilmax, a mixer study was conducted at the research feedlot to validate the feed truck mixers and to test for Zilmax carryover in subsequent loads. No carryover of Zilmax was detected in subsequent loads, but a flush load of ground hay and wet distillers grains plus solubles was run between the feeding of the Zilmax-fed pens and the -CON pens. Feed bunks were visually evaluated each morning and were managed to allow trace amounts of feed to remain in the bunk before feed delivery. Pens of steers were visually evaluated daily by trained animal health personnel on the basis of standard protocol for the facility based on the DART system (Zoetis Inc.). Any steers identified as "sick" were sorted from the pen and moved to the processing facility for diagnosis and treatment, then returned back to the pen. Feed bunks were sampled on a weekly basis, and samples were submitted for Zilmax assays (Table 2) . Feed refusals were collected as required throughout the trial and were subsequently weighed and dried in a forced-air oven (LBB 2-27; Despatch Industries, Minneapolis, MN) at 60°C for 48 h to calculate DMI described by Buckner et al. (2011) .
Steers were slaughtered at a commercial abattoir (Greater Omaha, Omaha, NE). On the day of slaughter, HCW were collected. After a 48-h chill, marbling score, 12th rib fat depth, and LM area were recorded. Yield grade was calculated using the yield grade equation (USDA, 1997), where yield grade = 2.50 + (6.35 × 12th rib fat depth, cm) -(2.06 × LM area, cm 2 ) + (0.2 × KPH, %) + (0.0017 × HCW, kg). A calculated dressing percentage was used to calculate carcass-adjusted performance to determine final BW, ADG, and G:F.
Pen weights were collected on the heaviest 20% of steers on the day of shipment for slaughter for all arrival blocks; therefore, all steers sold early as part of the 20% had a measured dressing percentage. Pen weights were collected on the remaining 80% for block 3 (3 replicates for EARLY, MIDDLE, and LATE). On the basis of HCW and the group weights for those pens, an average dressing percentage of 64.2% was calculated for Zilmax-fed cattle. To determine the dressing percentage for steers not fed Zilmax, a 1.36% reduction (Elam et al., 2009 ) was applied to the dressing percentage for steers fed zilpaterol, resulting in a dressing percentage of 62.8% for non-Zilmax-fed steers. Steers were marketed on a HCW basis, which was the target outcome.
Experimental Design and Procedures: Exp. 2
Crossbred (British and British cross) yearling steers (n = 1,400; 376 ± 29 kg initial BW) were blocked (4 blocks) by arrival group (25 steers/pen, 56 pens) and assigned randomly to pen to receive 1 of 4 treatments. The 4 treatments included 1) an unsorted non-Zilmax-fed negative control (−CON), 2) an unsorted Zilmax-fed positive control (+CON), 3) an early weight sort fed Zilmax (1-SORT) with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d before -CON and +CON, with the remaining 80% of the pen fed 7 d longer than -CON and +CON, and 4) a 4-way sort 50 d from harvest fed Zilmax (4-SORT) with steers sorted into HEAVY, MID-HEAVY, MID-LIGHT, and LIGHT groups, marketed −14, 0, +7, and +28 d from -CON and +CON, respectively. Because the heaviest steers were sorted early, the remaining steers in the sorted treatments were fed longer than the -CON and +CON steers.
Steers in block 1 were sourced from a pool of cattle that was from ranches and sale barns and arrived at the ARDC research site between October and November 2011. Steers were backgrounded on corn residue or utilized in growing studies until trial initiation. Steers in blocks 2 and 4 were a mixture of cattle that arrived at the feedlot in October and November 2011 and cattle sourced from auction barns on May 9, 2012, and May 17, 2012 , before allocation to the study. Block 3 steers were sourced from auction markets on May 11, 2012 , before allocation to the study.
On the day of allocation to treatment (May 8, 2012 , for block 1; May 15, 2012, for block 2; May 18, 2012, for block 3; and May 30, 2012, for block 4), all steers were implanted with Revalor-XS (Merck Animal Health). On arrival at the feedlot, cattle were handled and processed similar to steers in Exp. 1. Limit-feeding and weight collection procedures were the same as described in Exp. 1. After the limit-feeding period, steers were assigned randomly to pen on the basis of d 0 individual weights, and pens were assigned randomly to treatment. Initial BW was determined by averaging the individual 2-d weights collected on d 0 and 1. The heaviest 20% of steers in each pen in the 1-SORT treatment were identified during weighing and processing on d 0. Steers were managed under the same feedlot conditions as those in Exp. 1 with ad libitum access to fresh water and were fed twice daily at 0700 and 1100 h. Zilmax supplementation procedures were the same as in Exp. 1. Diet formulations and nutrient compositions of the diet are outlined in Table 1 . Feed bunks were sampled on a weekly basis, and samples were submitted for Zilmax assays similar to those in Exp. 1 (Table 2) .
Fifty days before the target marketing date, the heaviest 20% (5 steers/pen) identified on d 0 in the 1-SORT treatment were sorted and moved to a separate pen, and the remaining light 80% were returned to the original pen. Likewise, steers from 4 pens (100 steers) in the 4-SORT group within a block were individually weighed and sorted, with the heaviest 25% (25 steers) sorted into the HEAVY group, the next heaviest 25% (25 steers) sorted into the MID-HEAVY group, the next heaviest 25% (25 steers) sorted into the MID-LIGHT group, and the lightest 25% (25 steers) sorted into the LIGHT group. All cattle within replication within block were held under the same conditions and were weighed individually and then sorted on the same day. Intake was determined by using the pen average before sort and pen average after sort for treatment DMI. Within a block, the heaviest 20% of steers in the 1-SORT and HEAVY group in 4-SORT sorted treatments were weighed by pen and . On the day of shipping, cattle were fed 50% of the previous day's feed call in the morning, and in the afternoon all cattle to be shipped were brought to the weighing facilities and held under the same conditions and pen weighed to determine final live BW before being loaded on the truck. Steers were harvested at a commercial abattoir (Greater Omaha) the following morning. Hot carcass weights were collected on the day of slaughter. After a 48-h chill, marbling score, 12th rib fat depth, KPH fat, and LM area were recorded. Yield grade was calculated using the yield grade equation (USDA, 1997), where yield grade = 2.50 + (6.35 × 12th rib fat depth, cm) − (2.06 × LM area, cm 2 ) + (0.2 × KPH, %) + (0.0017 × HCW, kg). Dressing percentage was calculated using HCW, and the final live BW collected at shipping was shrunk 4% for a final shrunk BW.
Statistical Analysis
In Exp. 1, performance data were analyzed as a randomized block design using the Glimmix procedure of SAS (SAS Inst. Inc., Cary, NC) using a protected F test and 3 preplanned contrasts. The analysis included the following preplanned contrasts: −CON vs. +CON;− CON vs. EARLY, MIDDLE, and LATE; and +CON vs. EARLY, MIDDLE, and LATE. Steers were blocked by arrival group, and pen was the experimental unit. The model included the fixed effects of treatment, with block as a random effect. Frequency data were analyzed using binomial proportions with the Glimmix procedure of SAS using the model as previously described, with pen serving as the experimental unit. For frequency data, the ILINK option of SAS was used to determine least squares means and SE of the proportions. Alpha values ≤ 0.05 were considered significant.
In Exp. 2, data were analyzed as a randomized block design using the Glimmix procedure of SAS. Steers were blocked by arrival group, and pen was the experimental unit. The model included the fixed effects of treatment, with block as a random effect. For -CON, +CON, and 1-SORT, replication consisted of a pen of 25 steers. However, for 4-SORT, replication consisted of 4 pens of 100 steers each. To account for this difference in treatment size, SD and CV were calculated for each pen, and a log transformation was done to test variability of the SD and CV. Frequency data were analyzed using the same methods as described in Exp. 1.
RESULTS AND DISCUSSION

Feedlot Performance
Because of the weight sort, steers in the Zilmax sorted treatments were fed an average of 8 d longer than the control treatments in Exp. 1 (Table 3) , whereas steers on the 1-SORT and 4-SORT treatments were fed 3 and 5 d longer than the controls in Exp. 2 (Table 4 ). Final BW was not different between -CON and +CON in Exp. 1 (P = 0.21) or Exp. 2 (P = 0.11). In previously reported experiments, final BW was increased by an average of 8.6 kg (Vasconcelos et al., 2008; Elam et al., 2009; Montgomery et al., 2009a) , which is similar to the numerical differences observed in this trial (8 kg for Exp. 1 and 7 kg for Exp. 2). However, because of variation in the data we did not observe a statistical difference in final BW in this trial.
Intake was not different (P = 0.33) among the 5 treatments in Exp. 1, whereas in Exp. 2 there was no difference (P > 0.05) between -CON and +CON for DMI, but DMI was greater (P < 0.05) for -CON compared with the sorted treatments. There was no difference (P = 0.15) in DMI over the entire feeding period between Zilmax-and non-Zilmax-fed cattle in Exp. 1, and no difference (P ≥ 0.09) in DMI between -CON and +CON in Exp. 2, which has been a common observation (Vasconcelos et al., 2008; Elam et al., 2009; Holland et al., 2010 ). In the current experiments, there was also no difference in DMI between cattle that were sorted or unsorted and fed Zilmax. This is in agreement with the work of MacDonald et al. (2006) and Griffin et al. (2009) , who reported similar results when comparing unsorted steers, steers that were sorted on entry into the feed yard, and steers sorted during the middle of the finishing period. However, Montgomery et al. (2009a) showed that DMI tended to be less in cattle fed Zilmax compared with non-Zilmax fed cattle. However, Folmer et al. (2008) reported that sorted cattle consumed less than unsorted cattle, and the difference in DMI between -CON and sorted Zilmax-fed cattle in Exp. 2 could be due to the combination of both Zilmax and sorting.
In Exp. 1, G:F was greater (P = 0.02) for +CON than -CON but was not different (P = 0.67) between the +CON and the Zilmax sorted treatments. Average daily gain was greater (P < 0.01) for the sorted treatments compared with -CON, whereas +CON was intermediate (P ≥ 0.19) in Exp. 1. There were no differences (P ≥ 0.33) in ADG and G:F in Exp. 2 on a live weight basis. Increased G:F when comparing Zilmax-fed cattle with non-Zilmax-fed cattle similar to those in the current study have been reported by Elam et al. (2009) , Montgomery et al. (2009b), and Holland et al. (2010) . Elam et al. (2009) and Montgomery et al. (2009b) reported a statistical difference in ADG from d 0 to finish between Zilmax-and non-Zilmax-fed steers. In contrast, Holland et al. (2010) did not report a difference in ADG.
Additionally, there were no differences in morbidity (P ≥ 0.17), removals (P = 1.00), or mortalities (P ≥ 0.96) before and during Zilmax supplementation in Exp. 1 and 2 (Tables 5 and 6 ).
Carcass Characteristics
Regardless of sorting, all cattle fed Zilmax had increased HCW (P < 0.01) in Exp. 1 and 2 compared with non-Zilmax-fed cattle, and this response has been well documented with an average increase in HCW of 13.2 kg in steers fed Zilmax (Vasconcelos et al., 2008; Elam et al., 2009; Montgomery et al., 2009b) . In Exp. 1 and 2 there was an increase in HCW by 13 and 15 kg, respectively, between -CON and +CON (Tables 7 and 8) . Furthermore, average HCW was further increased (P ≤ 0.05) by sorting in both Exp. 1 and 2 because of the additional days on feed (DOF) compared with +CON. Hot carcass weight from steers sorted EARLY, MIDDLE, and LATE were 28, 25, and 24 kg heavier (P < 0.01) than -CON in Exp. 1. In Exp. 2, HCW from +CON-fed steers were 15 kg heavier (P < 0.01) than -CON, and HCW of steers in 1-SORT and 4-SORT were 18 and 19 kg heavier (P < 0.01), respectively, than that of -CON steers. Other research has reported a similar increase in HCW between cattle sorted on entry into the feedlot and cattle left unsorted, and little research has been conducted after 45 d in the feeding period (MacDonald et al., 2006; Folmer et al., 2008; Rolfe, 2011) . Because there is an increase in HCW for steers fed Zilmax, there is an increased potential of yearling cattle to have overweight carcasses at harvest (Griffin et al., 2009 ). Folmer et al. (2008) demonstrated that by sorting yearling steers and feeding them to different end points, the overall HCW of the group can be increased while reducing the number of overweight 2 Average DOF = average days on feed. 3 Final BW was calculated using average pen weight before shipping shrunk 4%. 4 Because of sorting, DMI was calculated using the pen average from d 0 to sort and then sort to ship. 3 Morbidity pre-Zilmax = all animals treated for sickness from d 0 to the start of Zilmax supplementation. Zilmax phase = all animals treated for sickness during the last 23 d on feed. -CON = pre-Zilmax treatments include foot rots (n = 3), pinkeye (n = 2), and respiratory infection (n = 4), Zilmax phase treatments included foot rot (n = 1); +CON = pre-Zilmax treatments included foot rot (n = 4) and respiratory infection, (n = 2), Zilmax phase treatments included foot rot (n = 1); 1-SORT = pre-Zilmax treatments included foot rot (n = 3), pinkeye (n = 3), and respiratory infection (n = 2), Zilmax phase treatment included foot rot (n = 1); 4-SORT = pre-Zilmax treatments included a shoulder abscess (n = 1), bloat (n = 1), diphtheria (n = 7), foot rot (n = 19), pinkeye (n = 3), and respiratory infection (n = 7), Zilmax phase treatments included a respiratory infection (n = 1). 4 No animals were removed from the -CON and +CON treatments. The 1-SORT pre-Zilmax removal included injury at sorting (n = 1), and Zilmax phase removal included 1 animal injured at shipping because of handling (n = 1). The 4-SORT pre-Zilmax removal included a buller (n = 1), chronic foot rot (n = 1), and injury at sorting (n = 2), Zilmax phase removals (n = 0).
5 Mortality pre-Zilmax = all animals that died from d 0 to the start of Zilmax supplementation. Zilmax phase = all animals that died during the last 23 d on feed. -CON = pre-Zilmax mortality included brisket disease (n = 1), Zilmax phase mortality included kidney infection (n = 1); +CON = pre-Zilmax mortality included bloat (n = 1), Zilmax phase mortality (n = 0); 1-SORT = pre-Zilmax mortality included sepsis (n = 1), Zilmax phase mortality (n = 0); 4-SORT = pre-Zilmax mortality included pneumonia (n = 1), peritonitis (n = 1), and severe autolysis (n = 1), Zilmax phase mortality included bloat (n = 1).
carcasses. Standard deviation in carcass weight in Exp. 1 was greater (P = 0.01) for +CON than −CON but was not different (P = 0.17) between −CON and Zilmax sorted treatments. The percentage of carcasses over 454 kg was greater (P < 0.01) in the EARLY, MIDDLE, and LATE treatments (average of 15.46%) than in -CON (4.89%), whereas the percentage of carcasses over 476 kg was not different (P = 0.16). In Exp. 2 carcass weight SD were not different (P > 0.95) between +CON and -CON, whereas carcass weight SD of 4-SORT was reduced (P < 0.01) compared with that of the unsorted controls. All steers fed Zilmax had a greater percentage of carcasses over 454 kg than -CON (P < 0.01). Although not statistically different (P = 0.27), the percentage of carcasses over 454 kg was reduced by 22% for 4-SORT compared with +CON in Exp. 2. The percentage of carcasses over 476 kg was significantly lower (P < 0.05) for 4-SORT compared with +CON. Elam et al. (2009) reported there was a significant difference in the number of carcasses that were over 454 and 476 kg (P ≤ 0.01) because of Zilmax supplementation. Vasconcelos et al. (2008) noted they did not have significant differences in percentage of carcasses weighing over 454and 476 kg because of a smaller sample size and smaller HCW at harvest. Folmer et al. (2008) and Griffin et al. (2009) both observed a significant reduction in HCW SD when sorting was applied and allowed for a more uniform distribution of cattle. Because of this decrease in HCW SD, there was also a reduction in carcasses that weighed over 431 and 454 kg in these studies.
In Exp. 1, LM area was greater (P < 0.01) in +CON than −CON but was not different (P = 0.57) between a-c Values within a row with different superscripts differ (P < 0.05). 1 -CON = an unsorted non-Zilmax (Merck Animal Health, Desoto, KS) fed negative control, +CON = unsorted Zilmax fed positive control, 1-SORT = early weight sort fed Zilmax with the heaviest 20% identified at d 1 and sorted 50 d from harvest and marketed 14 d before -CON and +CON, with the remaining 80% of the pen fed 7 d longer than -CON and +CON, and 4-SORT = 4-way sort 50 d from harvest fed Zilmax with steers sorted into HEAVY, MID-HEAVY, MID-LIGHT, and LIGHT groups, marketed −14, 0, +7, and +28 d from -CON and +CON, respectively 2 CV is calculated by dividing the SD by the mean and is expressed as a percentage.
3 Yield grade was calculated using the yield grade equation (USDA, 1997), where yield grade = 2.50 + (6.35 × 12th rib fat depth, cm) -(2.06 × LM area, cm2) + (0.2 × KPH, %) + (0.0017 × HCW, kg). 4 Marbling score: 500 = Modest, 400 = Small, 300 = Slight.
+CON and sorted treatments. Calculated yield grade was lower (P ≤ 0.02) for Zilmax-fed treatments compared with the non-Zilmax-fed treatments, and +CON had lower (P < 0.01) calculated yield grades than the 3 sorted treatments. Marbling score was lower (P < 0.01) for +CON than −CON but was not different (P = 0.70) between −CON and sorted treatments. In Exp. 2, LM area was greater (P < 0.01) in +CON than -CON, and 4-SORT had increased (P < 0.05) LM area compared with +CON. Calculated yield grade was lower (P ≤ 0.01) for the Zilmax-fed treatments than for the nonZilmax-fed treatment. Marbling score was numerically lower (P = 0.06) for +CON, 1-SORT, and 4-SORT when compared with that of -CON. The increase in LM area and decrease in calculated yield grade and marbling score between non-Zilmax-fed and Zilmax-fed cattle has been reported by Vasconcelos et al. (2008) , Elam et al. (2009), and Montgomery et al. (2009b) . When sorting, Folmer et al. (2008) reported no difference in LM area and marbling score between unsorted and sorted cattle. There was an added benefit of larger LM area without dramatically affecting quality grade with sorting in conjunction with feeding Zilmax in Exp. 2. Griffin et al. (2009) also noted no difference in yield grade between cattle that were sorted on entry into the feedlot and cattle that were not sorted. In previous studies evaluating Zilmax, USDA yield and quality grades have decreased because of greater muscle mass accumulation and decreased carcass fatness (Vasconcelos et al., 2008; Elam et al., 2009) . In the present experiments a greater percentage of carcasses from cattle fed Zilmax were USDA yield grades <2.5, and there was a decrease in the percentage of carcasses that were USDA yield grade >3.5. With respect to quality grades, feeding Zilmax has resulted in a decrease in the percentage of carcasses grading in the upper 2/3 of USDA Choice and an increase in the percentage of carcasses grading USDA Select (Elam et al., 2009; Montgomery et al., 2009a) . In Exp. 1, the percentage of USDA yield grade 2 carcasses was greater (P < 0.01) for the +CON treatment than for the -CON and sorted treatments but was not different (P = 0.55) between the -CON and sorted treatments (Table 9 ). No differences in quality grade distribution were observed (P ≥ 0.25). In Exp. 2, the percentage of USDA yield grade 1 and 2 carcasses was greater (P < 0.01) for 4-SORT than -CON. Because of this shift in the yield grade distribution, the percentage of USDA yield grade 4 and 5 carcasses was reduced (P ≤ 0.01) for 4-SORT cattle compared with -CON cattle (Table 10 ). The percentage of cattle grading USDA High Choice for 4-SORT was reduced (P < 0.02) compared with -CON, and because of this reduction in the percentage of cattle grading USDA High Choice, there was an increase (P < 0.01) in the percentage of 4-SORT cattle that graded USDA Select compared with -CON.
Individual Sort Group Performance
Between the HEAVY and the LIGHT groups within the 3 sorted treatments in Exp. 1, there was an average of 22.6 kg difference in initial BW; however, because of an additional 28 DOF and feeding Zilmax, the LIGHT cattle had heavier HCW at slaughter (Table 11) . Using an assumed dressing percentage of 56.8 for d 0 cattle calculated by May et al. (1992) , there is an initial HCW difference of 13 kg for the HEAVY cattle compared with the LIGHT cattle. At the end of the feeding period using the final HCW, LIGHT cattle had an advantage in HCW, indicating that there was a 15-kg increase in HCW gain for LIGHT cattle compared with HEAVY cattle during the feeding period. Sorting with the addition of Zilmax allowed for lighter cattle to add an additional 27 kg of HCW. The increase that would be expected from additional DOF has been observed by May et al. (1992) , who indicated that HCW increased by 11 kg from d 140 to 168 and 53 kg from d 168 to 196. Similarly, Streeter et al. (2012) reported an increase of 17 kg in HCW with an additional 21 DOF. In both of these studies, all cattle either did not receive Zilmax or received Zilmax. With this increase in HCW from additional DOF and Zilmax for the LIGHT cattle, there was an increase in the percentage of carcasses over 454 and 476 kg. In Exp. 2, the sorting method was changed to allow for all sorted cattle to receive Zilmax to take advantage of the increase in HCW and to increase the number of sort groups from 2 in Exp. 1 to 4 groups in Exp. 2 (Table 12) . This increase to 4 sort groups was to manage the 25% of cattle that are fed too long and the 25% of cattle that are not fed long enough (Folmer et al., 2008) . The HEAVY cattle within the 4-SORT group had an advantage in heavier initial BW, but because of the additional 14, 21, and 42 DOF for the MID-HEAVY, MID-LIGHT, and LIGHT groups, respectively, the lighter cattle were able to increase final live BW and to increase HCW to create a more uniform group of cattle as a whole. Again, using an initial dressing percentage of 56.8 (May et al., 1992) , there was an increase in HCW gain of 4, 7, and 16 kg for the MID-HEAVY, MID-LIGHT, and LIGHT cattle over the HEAVY group. The 4-SORT cattle sorted into 4 sort groups allowed outlier cattle to be placed into the HEAVY and LIGHT group, as illustrated by the increase in HCW SD and the greater percentage of carcasses over 454 and 476 kg. Strasia et al. (1988) reported on the diversity within a commercial pen for performance with heavier, higher-gaining sorted steers with an extra 38 kg of HCW over the lighter, lower-gaining sorted steers at equal days on feed. Sorting in Exp. 2 allowed the heaviest cattle to be harvested earlier, and therefore at their optimal market end point, whereas the lightest cattle were allowed more time to reach an ideal harvest weight.
Cattle fed Zilmax exhibit greater HCW without impacting other characteristics greatly. Zilmax used in combination with sorting during the finishing period resulted in an increase in HCW without increasing HCW variation. Utilizing a 4-way sorting strategy to identify heavy carcasses increased HCW and decreased variation of HCW. Thus, enabling a 4-way sort strategy increases HCW and reduces HCW variation, which can increase profits by increasing total salable weight and minimizing the risk of overweight discounts. 1 EARLY = the heaviest 20% were identified at d 0, MIDDLE = the heaviest 20% were identified 100 d from slaughter, and LATE = the heaviest 20% were identified 50 d from slaughter. The heaviest 20% within the pen in the 3 sorted treatments were sorted and marketed 28 d early and not fed Zilmax (Merck Animal Health, Desoto, KS), whereas the remaining 80% were fed Zilmax.
2 Marbling Score: 500 = Modest, 400 = Small, 300 = Slight. 
